The total phenolic content (TPC) of millet was whole > dehulled > cooked > steamed and the bound phenolic content (BPC) was the main form. Compared with dehulled millet, the TPC, TFC, and phenolic acid contents were decreased significantly ( < 0.05). The retention rate of TPC of steamed millet ranged from 47% to 55% and cooked millet ranged from 55% to 79%. Additionally, the mean cinnamic acid content of cooked millet was 1.29 times as much as steamed millet. The antioxidant activity of millet was whole > dehulled > cooked > steamed. Therefore, cooked millet was a good choice for human.
Introduction
Foxtail millet (Setaria itatica), a member of the Poaceae grass family, is one of the world's oldest crops and is a valuable source of human food in Africa and Asia. Foxtail millet originates in the Yellow River Basin country, the main producing areas in China, accounting for 80% of world production [1] . India is the second largest producing areas of foxtail millet, accounting for 10% of world production. The foxtail millet mainly in arid and semiarid regions in the north is one of the major food crops in northern China [2] .
Phenolic compounds of millet, presented in free and bound forms, are ubiquitous which possess health benefits such as antioxidant and antimicrobial properties [3, 4] . At present, most papers have reported the nutritional composition of millet without processing [5, 6] and some papers focused on the effects of dehulling or milling on the nutrients or antioxidant activity of millet [7] [8] [9] [10] [11] [12] . Singh and Srivastava [5] reported that the nutritional composition including minerals and antinutritional factors of finger millet (Africa) and the variety "VL-204" was found to be exceptionally rich in iron and very low in antinutritional factor phytate content. Bachar et al. [6] also reported calcium and magnesium were the most concentrated nutrients in all finger millet, followed by potassium, sodium, and phosphorus. Chandrasekara and Shahidi [7] also showed Kodo millet (Sri Lanka) had the highest total phenolic content, up to 114.03 ± 1.08 mol of ferulic acid equiv/g of defatted meal, and all millet varieties showed high antioxidant activities. Choi et al. [4] reported that the polyphenolics content of the methanolic extracts obtained from whole millet (Morejo) was 47 ± 1.4 mg GAE/100 g of grain (wet weight basis). Zhang and Liu [12] reported the phenolic compounds and antioxidant activity of two cultivars (China) of dehulled foxtail millet. However, there were few researches on the effect of steaming and cooking on phenolic compounds and antioxidant activity of millet, which were the main homely cuisine ways in China or other countries. Thus, the primary objectives of this study were to entirely discuss the effect of different processing methods of dehulling, cooking, and steaming on the nutraceutical of FPC, BPC, phenolic acid, the free flavonoid contents (FFC), bound flavonoid contents (BFC), and phytic acid contents 2.2. Sample Preparation. Foxtail millet was dehulled three times by the huller under the power of 2 kw. After the dehulling, the ratio of hull removal was 90%. After washing and draining, the millet was cooked at 100 ∘ C for 30 min and the ratio of seed : water was 1 : 20 (w/w) [13] . The steaming millet was processed at 100 ∘ C for 10 min and seed : water ratio 1 : 5 (w/w) [14, 15] . After cuisine, the cooked and steamed millet were prefrozen in a cold room (−80 ∘ C, 4 h) and then lyophilized to dryness and milled with a coffee mill. The flour was passed through an 80-mesh sieve and stored in refrigerator (−20 ∘ C) until analyzed.
Extraction of Free Phenolic Compounds.
Free phenolic compounds were extracted using the method as described by Taylor and Duodu [11] and Xu and Chang [16] with modifications. Free phenolic compounds in grains were extracted by blending 15 g of whole grain flour with 180 mL of solvent (the ratio of absolute ethanol : water : acetic acid was 70 : 29.5 : 0.5, v/v/v) for 4 h at 45 ∘ C. After centrifugation at 5000 r/min for 10 min, the supernatant was pooled, evaporated at 50 ∘ C to 10 mL, reconstituted with methanol to a final volume of 25 mL, and stored at 4 ∘ C until analysis. The residues were lyophilized.
Extraction of Bound Phenolic Compounds.
Bound phenolic compounds were extracted using the method as described by Adom and Liu [17] with modifications. Briefly, 1.0000 g of the residues after extracted free phenolic compounds was then digested with 18 mL of 1.5 M sodium hydroxide at room temperature for 1 h with shaking under nitrogen gas. The mixture was neutralized with 6 M hydrochloric acid until the pH value up to 2 and extracted with hexane (4 × 10 mL, 30 min) to remove lipids. The final solution was extracted with ethyl acetate (4 × 10 mL, 30 min). The ethyl acetate fraction was evaporated to dryness. Phenolic compounds were reconstituted in 5 mL of methanol.
Determination of Total Phenolic Content.
Total phenolic contents of the extracts were determined using FolinCiocalteu colorimetric method as described by Singleton et al. [18] with modifications. Briefly, 1 mL of foxtail millet extract was oxidized with 1 mL of Folin-Ciocalteu reagent, and the reaction was neutralized with sodium carbonate. The resulting blue color was reconstituted with methanol to a final volume of 10 mL and the absorbance was measured at 760 nm after 2 h. Total phenolic content was expressed as mg gallic acid equivalents/100 g dry weight (mg GAE/100 g DW). Data are reported as a mean value ± standard deviation (SD) for three replications.
Determination of Phenolic
Acid. Phenolic acid contents were determined by HPLC equipped with an autosampler and a diode-array detector. The analytical column was Agilent ZORBAX SB-C18. The mobile phase consisted of 0.05% TFA in water (v/v) (solvent A) and 0.05% TFA in acetonitrile (solvent B). The flow rate was kept at 0.8 mL/min. The injection volume was 20 L and peaks were monitored simultaneously at 260 nm. All samples were filtered through a 0.45 m filter before injection. Values were expressed as g/g DW.
Determination of Total Flavonoid Content.
Total flavonoid contents of the extracts were determined using the method as described by Singleton et al. [18] with modifications. Briefly, appropriate dilutions of sample extracts were reacted with 3 mL of aqueous solution of 1 M potassium acetate, followed by a flavonoid-aluminum complex formation using 2 mL of aqueous solution of 0.1 M aluminum chloride. The sample was reconstituted with 30% ethanol to a final volume of 10 mL. The absorbance at 420 nm was measured after 0.5 h and the result was expressed as mg rutin equivalents/100 g dry weight (mg RE/100 g DW). Data are reported as a mean value ± standard deviation (SD) for three replications.
Determination of Phytic Acid Content.
The phytic acid contents of the 6 cultivars of foxtail millet were determined using the method as described by Badau et al. [19] and Wheeler and Ferrel [20] .
The absorbance at 480 nm was measured and the result was expressed as mg/g dry weight (mg/g DW). Data are reported as a mean value ± standard deviation (SD) for three replications.
2.9.
Determination of Antioxidant Activity. For ABTS assay, the procedure followed the method of Arnao et al. [21] and Thaipong et al. [22] . The FRAP assay was carried out according to Thaipong et al. [22] .
The DPPH assay was carried out according to BrandWilliams et al. [23] with some modifications. The stock solution was prepared by dissolving 19.716 mg DPPH with 50 mL anhydrous methanol and then stored at −20 ∘ C until needed. The working solution was obtained by mixing 1 mL stock solution with 9 mL anhydrous methanol to obtain an absorbance of 1.1 ± 0.02 units at 515 nm using the spectrophotometer. Foxtail millet extracts (200 L) were all owed to react with 3.8 mL of 0.1 M DPPH solution for 0.5 h in the dark. The absorbance at 765 nm was measured. The standard curve was linear between 50 and 500 M Trolox and the results were expressed in mol Trolox equivalents/g dry weight ( mol TE/g DW). Data are reported as a mean value ± standard deviation (SD) for three replications.
The ORAC procedure, measuring a compounds ability to scavenge a free radical from ABAP compared to that Trolox, used an automated plate reader with 96-well plates [24] . Briefly, 40 L phosphate buffer was pipetted to the F well and 20 L sample, blank (phosphate buffer), or Trolox standard was, respectively, pipetted to the appropriate well except the F and incubated 10 min at 37 ∘ C. Then add 200 L fluorescein working solution to each well. Add 20 L AAPH working solution to each well after 20 min and read plate immediately. Fluorescence conditions were as follows: excitation at 485 nm and emission at 538 nm. The standard curve was linear between 0 and 50 M Trolox and the results were expressed in mol Trolox equivalents/g dry weight ( mol TE/g DW).
Data are reported as a mean value ± standard deviation (SD) for three replications.
Statistical Analysis. The analysis of variance (ANOVA)
technique was used to analyze the experimental data and Duncan's multiple range tests were used to determine the significance of differences among treatments at 95% confidence level. Correlations among data were calculated using Pearson's correlation coefficient ( ).
Results and Discussion

Effects of Processing Methods on the Phenolic Content of Foxtail Millet.
The free phenolic contents (FPC), bound phenolic contents (BPC), and total phenolic contents (TPC) of the 6 cultivars of foxtail millet with different treatment were shown in Figure 1 , which have significant difference ( < 0.05). For the different processing methods of foxtail millet, the TPC were whole > dehulled > cooked > steamed.
In whole foxtail millet, the FPC and BPC of Fenghonggu were higher than the other millets, up to 230.95 ± 3.26 and 440.14 ± 13.86 mg GAE/100 g DW, respectively. At the same time, Longgu12 showed the lowest content. The different cultivars may be responsible for these results.
The FPC accounted for 26.34% (ranging from 19.72% to 34.41%), 34.18% (ranging from 29.45% to 38.18%), 26.41% (ranging from 22.09% to 28.88%), and 20.90% (ranging from 16.59% to 26.33%) of the TPC in whole, dehulled, steamed, and cooked foxtail millet. Thus the phenolic compounds existed mainly in the bound form, which was consistent with Zhang and Liu [12] who showed that FPC constituted around 32% and 38% of the TPC in Jingu28 and Jingu34, respectively. In addition, Adom and Liu [17] showed the FPC contributed 15% of the total in corn, 24% in wheat, 25% in oats, and 38% in rice. This may be due to the different grain.
When the foxtail millet was dehulled, the phenolic contents had a significant reduction ( < 0.05). The TPC of Jigu31 (120.53 ± 8.45 mg GAE/100 g DW) and Yugu01 (117.22 ± 19.73 mg GAE/100 g DW) were higher than other dehulled foxtail millets. In dehulled foxtail millet, the mean value of TPC was 112.42 mg GAE/100 g DW which was slightly higher than the results of Zhang and Liu [12] who reported that the mean TPC of Jingu28 and Jingu34 were 96.51 mg GAE/100 g DW. The TPC of dehulled foxtail millet constituted around 15% and 37% of the TPC of whole foxtail millet in Fenghonggu and Longgu12, respectively. Kim et al. [25] and Vaher et al. [26] reported that the phenolic compounds were mainly found in the bran. Ivanišová et al. [9] reported that 73% of grain phenolic contents were found in the bran. Thus the results of this study gave further support to the notion that phenolic compounds of grains were concentrated mainly in the bran.
The TPC were ranged from 53.70 ± 1.97 (Fenghonggu) to 66.23 ± 9.60 (Jigu31) mg GAE/100 g DW in steamed foxtail millet with a mean value of 58.38 mg GAE/100 g DW. Compared with dehulled millet, the retention rate of TPC of steamed millet ranged from 47% (Yugu01) to 55% (Jigu31). In cooked foxtail millet, the TPC were ranged from 63.61 ± 0.25 to 83.19 ± 1.78 mg GAE/100 g DW with a mean value of 74.54 mg GAE/100 g DW. Compared with dehulled millet, the retention rate of TPC of cooked millet ranged from 55% (Jiingfen02) to 79% (Jinggu21). The different TPC may be due to the different ratio of seed : water involved in steamed and cooked foxtail millet. Additionally, the FPC and BPC of millets decreased significantly after cooking and steaming ( < 0.05). The heating process involved in steamed and cooked foxtail millet might be responsible for the reduced level of the FPC and BPC. Compared with cooked millet, the BPC of steamed millet decreased significantly ( < 0.05), which may be because the moisture activity and oxygen concentration were different. Meanwhile, a part of bound phenolic degraded into free phenolic and the free phenolic could be oxidized easier in the high concentration of the moisture and oxygen; thus the FPC of steamed and cooked millet had no significant difference ( < 0.05).
Effects of Processing Methods on the Phenolic Acid Composition.
The phenolic acids compositions of 6 cultivars of whole millet which were coumaric acid, -hydroxy benzoic acid, vanillic acid, caffeic acid, cinnamic acid, and ferulic acid were presented in Table 1 . In the 6 kinds of phenolic acids, cinnamic acid was higher than any others in 6 cultivars of whole millet, ranged from 1828.43 (Jingfen02) to 3128.72 (Jigu31) g/g DW, and accounted for 87% of the 6 kinds of phenolic acids. The result was higher than the report of Mcdonough et al. [27] who showed that the contents of cinnamic acid of foxtail millet, pearl millet, and finger millet were 781.7, 345.3, and 35.1 g/g, respectively. In addition, the values of vanillic acid and coumaric acid were relatively higher. The vanillic acid of whole foxtail millet ranged from 63.31 to 271.31 g/g DW, accounting for 5% of the 6 kinds of phenolic acids. The coumaric acid of whole foxtail millet ranged from 61.91 to 334.60 g/g DW, accounting for 6% of the 6 kinds of phenolic acids, which were different with Chandrasekara and Shahidi [7] When the foxtail millets were dehulled, steamed, and cooked, coumaric acid, -hydroxy benzoic acid, vanillic acid, and caffeic acid were hard to detect in 6 cultivars of foxtail millet. Figure 2 showed the contents of cinnamic acid and ferulic acid of 6 cultivars of foxtail millet with different treatment and that they had significant differences ( < 0.05). The heat treatment in wetted preparations may cause phenolic acid to decrease. The cinnamic acids of cooked millet were 46.27% lower than dehulled foxtail millet, ranging from 26.47% (Longgu12) to 69.27% (Jinfen02). For the steamed millet, the range (46.09% to 63.12%) was different from cooked millet. However, the mean cinnamic acid content of cooked millet was 1.29 times as much as steamed millet. As Figure 2 (b) has shown, the ferulic acids of cooked and steamed millet were 83.40% and 42.07% lower than dehulled millet, respectively. However, the mean ferulic acid content of cooked millet was 3.42 times as much as steamed millet. This may be due to the different ratio of seed : water and processing time.
Effects of Processing Methods on the Flavonoid Content.
Flavonoid presented in grains had potent antioxidant properties associated with the health benefits of grains and grain products [17] . The flavonoid contents of the 6 varieties of foxtail millet, expressed as mg rutin equivalents/100 g of dried foxtail millet weight, were shown in Figure 3 . Significant differences were found in the free flavonoid contents (FFC), bound flavonoid contents (BFC), and total flavonoid contents (TFC) between whole and dehulled foxtail millet ( < 0.05). In whole foxtail millet, the FFC of Jigu31 was lower than any other cultivars and the BFC of Fenghonggu was lower than others, but the TFC of Jigu31 was lowest. The different cultivars may be responsible for these results.
In dehulled foxtail millet, the TFC were ranged from 485.25 ± 26.01 (Yugu01) to 620.77 ± 18.43 (Fenghonggu) mg RE/100 g DW with a mean value of 577.52 mg RE/100 g DW, which were 4 to 6 times that of whole millet. The TFC of dehulled foxtail millet were significantly ( < 0.05) higher than whole foxtail millet, because of the conversion of the major flavones into the C-glycosylflavanols form in the seeds [28] .
Compared with dehulled foxtail millet, cooking and steaming were significantly ( < 0.05) increased in the BFC for the 6 cultivars of foxtail millet. The BFC of steamed foxtail millet were 31% higher than dehulled foxtail millet, ranging from 0.3% (Jinfen02) to 96% (Jigu31). The BFC of cooked foxtail millet were 23% higher than dehulled foxtail millet, ranging from 2% (Jingfen02) to 74% (Jigu31). In contrast, the FFC of steamed and cooked foxtail millet were lower than dehulled foxtail millet. The FFC of dehulled foxtail millet were ranged from 189.86 ± 11.77 (Yugu01) to 379.83 ± 1.39 (Fenghonggu) mg RE/100 g DW with a mean value of 301.26 mg RE/100 g DW. However, the FFC of cooked foxtail millet were ranged from 23.66 ± 2.81 (Longgu12) to 120.41 ± 0.42 (Jingfen02) mg RE/100 g DW with a mean value of 86.93 mg RE/100 g DW. The FFC of steamed foxtail millet were ranged from 42.95 ± 0.54 (Longgu12) to 149.83 ± 7.82 (Fenghonggu) mg RE/100 g DW with a mean value of 86.61 mg RE/100 g DW. Cooking and steaming involving heat treatment seemed to be extremely important for reducing the FFC of the 6 cultivars of foxtail millet [29] . Additionally, the heat treatment in wetted preparations could favour the hydrolysis of C-glycosylflavones and the release of corresponding aglycones, which led to an increase in the BFC of cooked and steamed foxtail millet [30, 31] .
For the cooked and steamed millet, the TFC of Jigu31, Yugu01, and Jinggu21 had no significant difference ( < 0.05). For Jingfen02, the TFC of cooked millet was 1.06 times as much as steamed millet. For Longgu12 and Fenghonggu, the TFC of cooked millet accounted for 85% and 79% of the TFC of steamed millet, which may be the result of the different processing time.
Effects of Processing Methods on the Phytic Acid Content.
The phytic acid contents of whole, dehulled, steamed, and cooked foxtail millet were presented in Figure 4 . Significant differences in the phytic acid contents among Longgu12, Jigu31, Yugu01, Jinggu21, and Fenghonggu were observed ( < 0.05). The phytic acid contents of whole foxtail millet ranged from 27.96 ± 0.01 (Yugu01) to 28.95 ± 0.04 (Jinfen02) mg/g DW. Thus the results of this study were not consistent with El Hag et al. [32] who reported that the phytic acid contents of two cultivars of whole pearl millet were 9.43 ± 0.04 and 10.76 ± 0.16 mg/g, respectively. As a result of the analysis, the phytic acid contents of 6 cultivars of dehulled foxtail millet were 2.80%, which were consistent with Badau et al. [19] who reported that the phytic acid content of ten pearl millet cultivars ranged from 2.91% to 3.30%. This might be due to the fact that phytic acid content varied depending upon the cultivar, irrigation conditions, and type of soil in which they were grown [33] . Phytic acid had the ability to form insoluble chelates with various metal ions such as iron, zinc, and calcium [34] . When cooking and steaming, the phytic contents of 6 cultivars of foxtail millet reduced. The phytic acid contents of steamed foxtail millet ranged from 26.05 ± 0.01 to 27.61 ± 0.01 mg/g DW. The phytic acid contents of cooked foxtail millet ranged from 25.45 ± 0.01 to 28.21 ± 0.03 mg/g DW. The phytic acid contents of cooked and steamed foxtail millet were 4.49% and 4.51% lower than dehulled millet. This might be due to the fact that any formation of calcium/magnesium salts of phytic acid, compounds with limited solubility, occurs as a result of heat treatment [35, 36] .
Effects of Processing Methods on the Antioxidant Activity.
The antioxidant potential of 6 varieties of foxtail millet was determined on the basis of the scavenging activity of the stable free radicals DPPH, FRAP, ABTS, and ORAC (Tables 2(a) and 2(b)). Significant differences within different processing methods of the same cultivar in the antioxidant activity measured by DPPH, FRAP, and ABTS assays were observed ( < 0.05). The value of DPPH-measured antioxidant activity was ranged from 0.93 ± 0.03 (steamed foxtail millet) to 4.74 ± 0.06 (whole foxtail millet) mol TE/g DW.
For the different processing methods of foxtail millet, the antioxidant activity, measured by DPPH and FRAP, was whole > dehulled > cooked > steamed. Jigu31, whole foxtail millet, showed the highest antioxidant activity compared to the other cultivars when measured by FRAP (26.94 ± 0.61 mol TE/g DW), DPPH (4.74 ± 0.06 mol TE/g DW), ABTS (59.92 ± 0.04 mol TE/g DW), and ORAC (624.1 ± 2.79 mol TE/g DW) assays. By contrast, Yugu01, whole foxtail millet, showed the lowest antioxidant activity when measured by FRAP (16.60 ± 0.62 mol TE/g DW), DPPH (4.38 ± 0.02 mol TE/g DW), and ABTS (41.76 ± 3.14 mol TE/g DW) assays. However, for dehulled foxtail millet, Yugu01 showed the highest antioxidant activity compared to the other cultivars when measured by FRAP (7.75 ± 0.17 mol TE/g DW), DPPH (4.02 ± 0.11 mol TE/g DW), ABTS (15.24 ± 0.36 mol TE/g DW), and ORAC (182.2 ± 40.21 mol TE/g DW) assays. The antioxidants of cooked and steamed millet, measured by DPPH, FRAP, ABTS, and ORAC assays, were not consistent with each other, which may be because ABTS, FRAP, and DPPH were measured single electron transfer and ORAC represented hydrogen atom transfer [37] . Therefore, antioxidant potency composite index (APC) was used to measure the antioxidant activity of 6 cultivars of foxtail millet [38] . Table 2 (c) showed that the antioxidant activity of millet was whole > dehulled > cooked > steamed and the mean APC of whole, dehulled, steamed, and cooked millet were 0.83, 0.33, 0.20, and 0.21, respectively. Additionally, the rank order of antioxidant activity of dehulled millet was Yugu01
However, the antioxidant activity of steamed foxtail millet was consistent with cooked foxtail millet. The rank order of antioxidant activity was Fenghonggu > Longgu12 > Jinggu21 > Yugu01 > Jigu31 > Jingfen02. The reason might be the fact that cooking and steaming involving heat treatment led to reducing the polyphenols of the 6 cultivars of foxtail millet in various degrees. (Table 3) , which was consistent with previous findings that there was significant correlation between TPC and antioxidant [20] . Awika et al. [39] reported that phenol contents of the sorghums correlated strongly with their antioxidant activity measured by DPPH, ABTS, and ORAC assays and the correlation coefficients were as follows: phenol versus ORAC, = 0.96; phenol versus ABTS, = 0.97; phenol versus DPPH, = 0.96. In addition, correlations among the antioxidant activities measured by ABTS, DPPH, FRAP, and ORAC assays and CA were positively high and ranged between 0.75 and 0.89. FRAP, ABTS, and ORAC values were significantly correlated ( < 0.01). MorenoMontoro et al. [40] also reported significant correlation between FRAP and ABTS values.
Conclusion
From the data in this study, it can be concluded that the different processing methods of foxtail millet made an effect on the TPC, TFC, and the 6 kinds of phenolic acids. Compared with whole millet, the TPC of dehulled millet decreased and TFC of dehulled millet increased. Compared with dehulled millet, the TPC and TFC of cooked and steamed millet decreased. However, the total phenolic content and cinnamic acid content were rich in cooked millet. In addition, cooked millet demonstrated remarkable radical scavenging capacity, which was associated with its high contents of natural antioxidants found in the samples, such as phenolic compounds, cinnamic acid, and phytic acid. Correlations between the antioxidant activity and CA ranged from 0.75 to 0.89, while the antioxidant activity and total phenolic content ranged from 0.83 to 0.91. Therefore, cooked millet was a good choice for human.
Additional Points
Practical Applications. The foxtail millet mainly in arid and semiarid regions is one of the major food crops in northern China. Steaming and cooking are two main homely cuisine ways in China or other countries. Moreover, phenolic compounds of millet, presented in free and bound forms, are ubiquitous and beneficial to human health. Therefore, we research the effect of steaming and cooking on the phenolic content and antioxidant activity, in order to determine a good processing way for millet. Then, for the steamed and cooked millet, we can establish optimal conditions to improve the retention rate of TPC in the further research. Lastly, for the dehulled millet, we can develop an effective method of millet dehulling to improve the retention rate of TPC in the further research.
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